has a latency of about 4.5-5.0 msec and precedes the ordinary early-on -wave in the optic nerve potential.In their papers the new potential is labeled the early optic nerve potential(EONP).
The present work was undertaken to describe this early component found in the rabbit optic nerve,in an attempt to infer its functional and pharmacological properties. KANEKO,1966a KANEKO, ,1966b .The preceding considerations may point to an origin of the a-wave in the rabbit ERG in the visual cells.
METHODS
The inter-peak periods of the oscillatory potential remained nearly unaltered with little regard to stimulus intensities used.This result confirms and extends,over a wider range of intensity,the findings reported previously by YONEMURA,MASUDA and HATTA(1963).
The b-wave becomes saturated beyond a certain intensity(-4.5log units) as seen in FIGS.1 and 2.This figure shows further that the a-wave forms a plateau at higher intensities(-1.0 to 0.0log unit).
FIG.2.
Amplitudes of the negative phase of the early receptor potential(ERP), the a-wave and b-wave in the albino rabbit ERG,and amplitudes of the short latency optic nerve potential(SLONP)and the early-on-and late-on-waves in the optic nerve response of the albino rabbit as functions of the log stimulus intensity.The data for these potentials were obtained from a single rabbit.Amplitudes were measured from the baseline as shown in the diagram.Explanation in text. This study has confirmed the findings by KAWASAKI(1967)that 1)the early potential in the dark-adapted albino rabbit ERG is substantially biphasic, consisting of a small positive hump succeeded by a negative deflection which was followed in turn by the a-wave,and (2) The early potential of the albino rabbit characterized above,resembles the early receptor potential defined in the retinae of other vertebrate species (BROWN,WATANABE and MURAKAMI,1965; CONE,1964 CONE, ,1965 PAK and CONE, 1964) in that, (1) it is independent of stimulus intensity in time course and has a similar time course to that of the early receptor potential, (2) it has an extremely high threshold which is more than 107 times that for the scotopic b-wave,(3)the depth of its cornea-negative swing(R2)is primarily proportional to the stimulus energy up to a limit(see CoNE,1964 CoNE, ,1965 ; BROWN and CRAW-FORD,1967b),and (4)it is highly resistant to anoxia. The possibility that the early potential in the living albino rabbit might be significantly contaminated by potentials from the " pigment epitheliumchoroid complex" (BROWN,1965 Combined recordings of the ERG and light-induced optic nerve response were made.The light-induced optic nerve potential was recorded monopolarly in albino rabbits at stimulus intensities ranging from-7.0 to 0.0log unit in darkness.At low intensities the response of the optic nerve manifested positive components,i.e.the early-and late-waves (FIG.1) .As seen in FIG.2 ,the amplitude of the late-waves was presented in a sigmoidal function with respect to the log of stimulus intensity for the initial 2.0log units above the threshold.At higher intensities(-4.5 to-3.0log units)the late-on-wave was depressed(FIGs.1 and 2).This component cannot be the off-response connected with the termination of stimulus light,since the off-response should not be reduced at such intensities(cf.BARTLEY and BISHOP,1942).As for the early wave the amplitude vs log intensity curve was also S-shaped (FIG.2) .This potential attained the maximum voltage at a level of about-4.5 log units and then it maintained this value at higher stimulus intensities.The early wave was found to be more resistant to anoxia than the late wave.Judging from the fact that the early and late waves differ in amplitude vs intensityrelationship(suppression of the late wave with high intensities)and in susceptibility to anoxia(rapid disappearance of the late wave),it may be considered that the early and late waves observed here are identical with respectively the early-on-and late-on-waves thoroughly described in the compound spike potential of the rabbit optic nerve by BARTLEY and BISHOP(1942), ADRIAN (1946) and NOELL(1953).At intensities above-3.5 log units rhythmic wavelets overlying the early-on-wave were observable.It is noted that the threshold of the rhythmic wavelets appeared to approximate that of the oscillatory potential in the ERG.The oscillatory nature of the light-induced compound potential in the optic nerve was noticed similarly in the cat(OGAwA, BISHOP and LEVICK,1966; STEINBERG,1966) .As the stimulus intensity was intensified, the latency of the early-on-wave diminished gradually to attain a minimum value of about 11 msec.This seems the shortest latency thus far offered for the early-on-wave in the rabbit optic nerve potential,since a value of 13 msec has been proposed as the shortest latency for the early-on-wave in the rabbit (YOKOYAMA, KANEKO and NAKAI,1963) .Occasionally a slow negative swing with a peak latency of around 100-200 msec was registered following the onwaves of the optic nerve potential with a needle electrode placed in the intracranial part of the nerve.YONEMURA,TSUCHIDA,YAMADA and FUJIMURA (1967) deduced that the slow negative potential in study originates neither in the optic nerve nor in the retina,but probably somewhere proximal to the optic nerve tract.With further increase of intensity a rapid potential was deduced unmistakably preceding the early-on-wave having the minimum latency was almost entirely positive in polarity,and could not be detected unless the light stimulus was intense enough to evoke an ERP of considerable size.The latency and peak latencies of the above mentioned potential found in the optic nerve were nearly 4.5-5.0msec and roughly 8.0-8.5msec respectively at a tentative estimate(FIGS.1 and 3).The latency tended to decrease in a small degree with the increase of stimulus intensity.This short latency component differs distinctly in time course not only from the ERP,but also from the sequential ERG constituents.The existence of the rapid response in the optic nerve could be verified by bipolar recording as well.The new event which is designated as the early optic nerve potential in the previous reports(YONE-MURA,TSUCHIDA,FUJIMURA and YAMADA,1967;YONEMURA and TSUCHIDA, 1967)may be labeled provisionally the short latency optic nerve potential (SLONP)in the present study.Sometimes small ripples were seen superimposed on the SLONP.The SLONP was scarcely be detected in the dorsal area of the optic nerve,where the early-on-wave was consistently recognized.The SLONP would be hardly complicated by the possible presence of slow potentials such as the"electrotonic potential"pointed out in the optic nerve(BERN- HARD,1940 HARD, ,1942 negative potential recordable in the optic nerve (YONEMURA,TSUCHIDA,YA-MADA and FUJIMURA,1967),because the SLONP responds too early and fast to be significantly involved in those slow deflections.
The relation between the amplitude of the SLONP and the log of stimulus intensity should be primarily sigmoidal in form,and the height of the SLONP appeared to be linearly related with the log of stimulus intensity for about one log unit in the dynamic range where the slope of amplitude vs log intensity curve is steepest(FIGs.2 and 5).But the intensity which was extrapolated at about-0. substantiate this contention microelectrode experiments were made .The microelectrode used in this study picked up a few units responses at the same ti me. At intensities slightly below the threshold(about-0 .7log unit)of the SLONP, a discharge of impulses with a latency of about 11msec was seen which probably contributes the early-on-wave as the compound spike pote ntial of the optic nerve.Beyond this intensity a short latency discharge acti vity preceding the early-on-wave was observed mostly in the central and/or ventral area of the optic nerve (FIG . 7) ,and consequently there was a jump to a latency of about 4.5-5.0 msec.Increasing of the stimulus intensity decreased slightly the l atency of the early discharge .The timing and duration of the short latency discharge appeared to be comparable with those of the SLONP (FIG .7) .The threshold of the short latency optic nerve discharge was shown ,by simple inspection of the firing patterns following ,single flashes, to approximate that of the SLONP so far as could be examined . chief of which is the failure of the method to distinguish clearly single unitresponse.The depressive effects of blockaders(lidocaine and tetrodotoxin)on the short latency optic nerve discharge were recognized with the minimum doses at which both the early-on-wave and the SLONP were abolished.
For these reasons we may consider that the physiological and pharmacological properties of the SLONP are in principal agreement with those of the short latency optic nerve discharge.Such a parallelism indicates that the SLONP is essentially identical with the population response due to the short latency optic nerve discharge.The"killed end effect"may explain the positivity of the SLONP as recorded monopolarly.
DISCUSSION
This study has revealed that at least a part of the optic nerve fibers in the central and/or ventral area of the optic nerve can produce the SLONP in response to diffuse strong flash stimulation of the retina.A similar potential is also demonstrated in the optic nerve of the normal pigmented rabbit(YONE-MURA and TSUCHIDA,unpublished).It may not appear likely that the failure to detect the SLONP in the dorsal area of the optic nerve lying in the cranial cavity is ascribable to injury,as the early-on-wave has been recorded invariably there and has been shown to maintain a considerable size.Under the conditions of the present experiments,therefore,the short latency optic nerve discharge is scarcely discharged in the dorsal area.Most of the fibers which can produce the SLONP may be localized in the central and/or ventral area of the optic nerve so far as the intracranial portion is concerned.This shows that the optic nerve fibers involved in the response of the visual system to diffuse flash light are grouped into two classes on the basis of their different response to strong photic stimulation of the retina.The one group generates the short latency bursts in response to intense retinal illumination,and other does not.The fibers belonging to the former class may be labeled the SLONPproducing fibers for convenience of description. The point whether the SLONP is relevant or not to the myelination of the intraocular portion of fibers,which is a regular occurrence in the rabbit retina (BERLINER,1931; THOMSON,1953; PRINCE,1964) ,is an open question. It is felt that the further work is needed to make out the accurate distribution of the fibers in the nerve and retina.
According to the accepted teaching,there is good reason to believe that the light sensitive structures of the vertebrate retina are the rods and cones. To our knowledge there has been little authoritative information available indicating that retinal elements except visual cells,in the vertebrate retina, might be directly excited by visible rays.Besides,light intensities in the range lying over an extent of 9 log units above the scotopic b-wave threshold might still be of some functional significance,since it is believed in general that the eye can discriminate well enormous ranges of light intensity up to 10 log units (DOwLING and BOYCOTT,1966) .Notwithstanding one might,imagine that such intense flashes as those employed in the present study can stimulate directly structures proximal to the photoreceptors to participate in producing the SLONP.The localization of the SLONP in the optic nerve may afford a clue to this problem.If the direct stimulation of non-receptor systems can actually contribute to the SLONP,one would expect,on assumption that they are distributed over the retina,that the SLONP arises not only in the central and/or ventral area but also in the remaining area of the optic nerve,since diffuse retinal stimulation ought to illuminate all retinal structures.The SHORT LATENCY OPTIC NERVE POTENTIAL localization of the SLONP,which has been shown in the present study, however,is contrary to what was expected,seeming to be unfavorable for the foregoing presumption.The present study has shown that,in the dynamic range of the SLONP amplitude vs log stimulus intensity curve,the amplitude of the ERP(R2)is presented to be directly proportional to stimulus intensity, and that beyond this range the R2 becomes saturated (FIG.5) .These findings may be indicative of a close relationship between the SLONP and the ERP which is assumed to result from absorption of light by the photopigment of the outer segments of the visual cells(PACK and CONE,1964;BROWN,WATA-NABE and MURAKAMI,1965).Taking account of the afore-going arguments, it would be presumptuous to consider the possibility that the SLONP is interpreted exclusively in terms of the hypothetical direct photoactivation of nonreceptor systems in the retina.Instead of assuming a merely speculative possibility,it appears to be rather logical at present to assume conventionally that the SLONP is primarily mediated by visual cells.We are inclined to recognize the second possibility,although the final conclusion is not drawn here concerning the problem.
The experiments of optic nerve transection indicate that,among the SLONP-producing fibers,there may be few,if any,efferent fibers,and accordingly the great majority of the SLONP-producing fibers run centripetally. YONEMURA,YAMADA and FUJIMURA(unpublished)have recently attempted electrophysiological recordings from single units in the lateral geniculate body and have shown that the SLONP-producing fibers,at least partly,reach the opposite lateral geniculate body.In spite of the high threshold of the SLONP, it is not unreasonable to suppose that potential would play some role in conveying receptor messages towards the brain when the visual cells absorb light energy delivered by intense flash light,on the premise that the SLONP is mediated by visual cells.
The problem as to whether it is possible for the b-wave in the ERG to determine the excitation of ganglion cells and consequently the optic nerve discharge through the optic nerve is a matter of controversy (GRANIT,1947 (GRANIT, , 1962 SCHUBERT,1953; PONTE and MONACO,1964; POPPEL and MAFFEI,1967) . In the dynamic range of the SLONP amplitude vs log stimulus intensity relationship,both the a-and b-waves remain unchanged in amplitude with little regard to the intensity of stimulating light (FIG.2) .Probably the amplitude of the SLONP little correlates to the size of usual ERG components.This means that the determination of the size of the SLONP depends predominantly upon unknown factors,rather than upon ordinary ERG components.As mentioned above,the SLONP can evidently precede the start of the b-wave when the latency of the b-wave has been measured,as usual,from the peak of the a-wave on the basis of GRANIT's theory,according to which the a-and b-waves are the outcome of the algebraic sum of two opposite sign components(PII and PIII the rabbit consisted of a small positive potential followed by a large negative swing.The second phase of the ERP was succeeded by the a-wave with a latency which is as short as about 1.6msec. 2. The conventional"compound spike potential of the optic nerve",when induced with flash light,contains 1)the late-on-wave which is present only on low illumination and 2)the early-on-wave on which rhythmic wavelets are superimposed.The threshold of the wavelets appeared to approximate that of the oscillatory potential in the ERG.With increase of stimulus intensity the latency of the early-on-wave tended to decrease,finally approaching the absolute minimum latency(about 11msec). 3. When the stimulus intensity was raised up to an level sufficient for producing an ERP of considerable size,a rapid potential with a latency of about 4.5-5.0msec,at a tentative estimate,was found to emerge preceding the earlyon-wave in the optic nerve potential.The new potential which may be called provisionally the short latency optic nerve potential(SLONP)was consistently recordable in the central and/or ventral area of the optic nerve,but scarcely detectable in the dorsal area.The amplitude of the SLONP was linearly related to the log of stimulus intensity in the dynamic range where the slope of amplitude vs log intensity is steepest.In this range the amplitude of the negative phase of the ERP was found to be proportional to stimulus intensity. 4. The SLONP,along with the subsequent optic nerve potentials,were abolished with both nerve blockaders(lidocaine and tetrodotoxin)in low concentrations on their application to the retina.During this time the ERG components including the ERP were little affected. 5. The foregoing results,coupled with other data inclusive of the findings obtained by the microelectrode experiments described in this study,indicate that the SLONP is the population response due to a short latency optic nerve discharge arising from particular optic nerve fibers,most of which leave the retina to pass through the contralateral optic nerve tract towards the brain.
6. Differences between the SLONP and the early-on-wave in latency,lightthreshold,density function,vulnerability to anoxia,all suggest that the two potentials are distinct components. 7. It was shown that there is some correlation between the amplitude of ERP and that of the SLONP.The functional significance of the SLONP was discussed. 8. The comparative studies of the SLONP and the b-wave,which were ob-tained with regard to density functions and other aspects ,may indicate that the two events behave independently . 9. Picrotoxin in low concentration,when applied topically to the retina from the vitreous side,could give rise to enhancing effects on optic nerve potentials .
The possibility was discussed that ,in the retina,there might be a presynaptic inhibitory mechanism which can be depressed by picrotoxin .
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